Purpose. To evaluate the effectiveness of a Web-based interactive teaching tool that uses self-assessment exercises with real-time feedback to aid students' learning in a gross anatomy class. Method. A total of 107 of 124 first-year medical students at one school were enrolled in the study. Students were divided into three groups: Group 1 (n = 63) received introductory material and activated their Web-based accounts; Group 2 (n = 44) received introductory material but did not activate their Web-based accounts; and Group 3 (n = 17) were not enrolled in the study and received no introductory material. Students in Group 1 had access to a graphic showing the locations of anatomic landmarks, a drill exercise, and a self-evaluation exercise. Students' ability to identify the anatomic landmarks on a 30-question midterm and a 30-question final exam were compared among the groups. Results. The mean scores of students in Group 1 (midterm = 28.5, final = 28.1) were significantly higher than were the mean scores of students in Group 2 (midterm = 26.8, p < .001; final = 26.9, p < .017) and Group 3 (midterm = 24.8, p < .001; final = 26.4, p < .007). Conclusions. The Web-based tool was effective in improving students' scores on anatomic landmark exams. Future studies will determine whether the tool aids students in identifying structures located in three-dimensional space within regions such as the cranium and the abdominal cavity. Acad. Med. 2002;77:263-265. Many subjects taught in most medical education curricula contain anatomic, physiologic, and biomechanical concepts that are challenging for students to grasp and for faculty to teach, especially when instructional materials are limited to static media such as textbook diagrams and photographs. Properly designed materials make interactive learning more enjoyable for students and have been purported to increase students' long-term retention of materials.
Many subjects taught in most medical education curricula contain anatomic, physiologic, and biomechanical concepts that are challenging for students to grasp and for faculty to teach, especially when instructional materials are limited to static media such as textbook diagrams and photographs. Properly designed materials make interactive learning more enjoyable for students and have been purported to increase students' long-term retention of materials. [1] [2] [3] We hypothesized that a Webbased, interactive teaching strategy, with real-time feedback and self-assessment exercises, could aid students' learning as measured by higher scores on midterm and final examinations.
METHOD
First-year medical students (n = 124) enrolled in the gross anatomy laboratory at Michigan State University's College of Osteopathic Medicine were recruited to participate in the study. This class (mean age of 25 years) was composed of 57 women and 67 men. Some students (n = 17) elected not to participate in the study. Those students who enrolled (n = 107) were asked to read and sign an informed consent form.
Only students enrolled in the study received an introductory packet of material that contained a graphic showing the locations of anatomic landmarks and instructions describing how to access the Web-based exercises. These exercises were maintained on a dedicated Web site and were accessible to only those students who had activated their individual Web-based accounts. Of the 107 students who enrolled, only 63 students actually activated their Webbased accounts. Students who activated their accounts (Group 1) had access to three levels of Web-based material: level 1 contained a simple graphic that identified the anatomic landmarks; Level 2 was a drill exercise reinforcing the location of the landmarks; level 3 was a self-evaluation exercise.
At the end of the study, we divided the students into three groups: Group 1 (n = 63) were the students who had enrolled in the study and activated their accounts; Group 2 (n = 44) were students who had enrolled in the study and did not activate their accounts; Group 3 (n = 17) were students who did not enroll in the study. While neither Group 2 nor Group 3 had access to the Web-based exercises, they differed because Group 2, by enrolling in the study, received the introductory packet of materials that Group 3 did not receive. The graphic included in the packet was used as the test sheet on the midterm and final exams. Consequently, it is possible that the students in Group 3 saw this graphic for the first time on the midterm exam.
Independent Variables
We administered a pre-instruction questionnaire to obtain information about the students' self-assessments of computer literacy, proficiency, and frequency of usage. This questionnaire also contained a random selection of 15 anterior and 15 posterior landmarks to assess students' knowledge of the locations of anatomic landmarks prior to taking the gross anatomy laboratory. Finally, we obtained the undergraduate science grade point averages (GPAs) of all students enrolled in the study.
Dependent Variables
All students were expected to memorize the locations of the anatomic landmarks as a requirement for the gross anatomy laboratory. We measured a student's ability to identify these landmarks using a 30-question midterm exam and a 30-question final exam. The students were told that the midterm exam would test their ability to locate landmarks, but they were not specifically informed that the material would also be included on the final exam. Friedman 4 makes the point that it is difficult to make a true one-to-one comparison if the comparison is being made between two formats that differ significantly. For example, if Group 1 memorized the locations of anatomic landmarks using the interactive Web-based material and Group 2 used conventional means, the results could be biased if students in Group 2 were expected to take midterm and final exams using a Web-mediated test. To avoid a type I error, we administered both the midterm and final exams on paper.
Analysis
We used a standard statistical software package to perform the statistical analysis. The Mann-Whitney rank sum test was used because the data failed conditions of normality required for parametric analysis.
RESULTS
For the independent variables we measured, the results of a two-tailed t-test indicated no significant difference between the students in Group 1 and the students in Group 2.
The mean scores on the anatomic landmarks' sections of both the midterm and the final exams of the students who had used the Web-based instructional materials (Group 1) were significantly higher than were the mean scores of those students (Groups 2 and 3) who did not use the material. Table  1 summarizes the results of the statistical analysis for the midterm and final exams.
DISCUSSION
Students who had had access to the Web-based exercises scored better on the midterm and final exams. The study's results might be confounded to some unknown degree due to a self-selection bias that may have occurred when students chose to activate their accounts or not to activate them. It is understood that just because a student activated the account, he or she might not actually have used the Web-based material to any significant degree.
The students in Group 3 performed significantly better on the final exam than they did on the midterm exam. In fact, they performed so much better that there was no difference (p < .477) between final exam scores of Groups 2 and 3. This may suggest that differences in performances between these two groups of students who did not have access to Web-based exercises were eliminated once they achieved equal familiarity with the test graphic.
We propose that students using the Web-based materials scored significantly higher on the midterm and final exams because they were able to objectively assess their abilities to recall the correct locations of the landmarks before they took the tests. Since they received immediate feedback related to the correctness or incorrectness of their responses, the recall and recognition process of learning was significantly facilitated.
Having demonstrated the usefulness of this Web-based tool in a rather simple exercise, we propose to expand our work to anatomic regions where students have to identify structures in three-dimensional space. The cranium and abdominal cavity are two regions that are particularly challenging to students. For an example of the Webbased tool, go to ͗http://hal.bim.msu. edu/omm501͘. If we can demonstrate that Web-based exercises aid students' learning within these anatomic regions, the findings would be of benefit and interest to medical educators and students alike.
